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no information on how these patients are 
able to manage their activities of everyday 
living. Laplane and Degos (1983) suggest 
that increased determination on the part 
of the patient results in tasks eventually 
being performed (they describe patients 
with right hemisphere lesions using verbal 
strategies, while with left hemisphere lesions 
patients become “left-handed”).
There are differential reports as to the fre-
quency of motor neglect. Siekierka-Kleiser 
et al. (2006), report an incidence of 33% 
incidence in an acute stroke population 
with 74% of the motor neglect sample hav-
ing right hemisphere lesions, while Buxbaum 
et al. (2004) report an incidence of 12% in 
an acute and 8% in a chronic stroke popu-
lation (all patients in the Buxbaum study 
had right hemisphere lesions). According to 
Siekierka-Kleiser et al., patients with motor 
neglect show poor motor recovery over 
the first 7 days post-stroke relative to the 
patients without motor neglect; although a 
sub-group (26.3%) recovered well, and two 
of the sub-group had left hemisphere lesions.
von Giesen et al. (1994), using positron 
emission tomography (PET) with four 
patients with motor neglect, demonstrated 
that while primary areas underlying the 
motor output system (the primary sensori-
motor cortex, basal ganglia, and cerebellum) 
were unimpaired, there was poor glucose 
uptake in premotor, prefrontal, parietal, 
and cingulate cortex areas, as well as the 
thalamus. This substantiates the clinical 
manifestation of normal muscle strength, 
reflexes, and sensation in motor neglect. von 
Giesen et al. hypothesized that the intact 
motor cortical output system is deprived 
of sensory information and the voluntary 
drive needed for movement execution (see 
also Laplane and Degos, 1983).
Recent evidence implicating the parietal 
regions for movement generation comes 
from Desmurget et al. (2009). They con-
Here we present an opinion on “motor 
neglect,” one of the several scotomas in 
neglect research (Kerkhoff and Schenk, 
2012). We describe what it is, outline its 
anatomical substrate, and its frequency in 
a stroke population. We outline evidence 
to suggest that motor neglect reflects the 
impaired ability to generate movements and 
discuss a possible rehabilitation technique 
which may target this particular deficiency. 
We feel that it is a timely “opinion.” Motor 
neglect may occur in the absence of visu-
ospatial neglect (Laplane and Degos, 1983; 
Punt et al., 2005) and it can have a severe 
and detrimental effect on rehabilitation 
outcomes (Siekierka-Kleiser et al., 2006).
“Motor neglect,” a term originally coined 
by Laplane and Degos (1983), refers to the 
underutilization of the affected limb com-
pared to the healthy one following brain 
damage despite normal muscle strength, 
reflexes, and sensation. It may be distin-
guished from “directional hypokinesia” 
(originally described by Heilman et al., 
1985) referring to slowness in the initiation 
of contralesional movements, reduced spa-
tial exploration toward the contralesional 
side, and insufficient amplitude of con-
tralesional limb movements. Patients with 
motor neglect typically underuse the con-
tralesional side (even where this involves 
inconvenience); have little or no involve-
ment of the contralesional limb in bimanual 
tasks (e.g., clapping, opening a bottle); have 
little or no involvement of the contrale-
sional limb when automatically gesturing; 
however, they have relatively normal move-
ment when encouraged specifically to use 
the contralesional limb (Laplane and Degos, 
1983; Punt and Riddoch, 2006; Garbarini 
et al., 2012a,b). Unlike patients with hemi-
plegia, patients with motor neglect have 
no paresis, no increase in muscle tone, no 
pyramidal signs, or alterations in sensation 
(von Giesen et al., 1994). There is relatively 
trasted the effects of direct stimulation of 
parietal and premotor regions. Stimulation 
of inferior parietal regions (IPL) produced a 
desire to move without any overt movement 
being produced or EMG activity recorded 
in the concerned muscles. If the intensity of 
stimulation was increased, patients reported 
that movement had occurred; however, 
again, no actual movement or EMG activ-
ity was observed. Desmurget et al. argue 
that the “wanting to act feeling,” result-
ing from IPL stimulation, is indicative of 
intentions to move generated before any 
motor act (Desmurget and Sirigu, 2009, 
2012; Desmurget et al., 2009). Sirigu et al. 
(2004) have also shown that lesions to the 
parietal lobe (involving the angular gyrus 
in particular) result in deficits in the sub-
jective experience of wanting to move in a 
task where patients were free to execute a 
movement at a time of their own choos-
ing. Thus, behaviorally, control participants 
demonstrated an anticipatory period prior 
to the actual movement, parietal patients 
reported the desire to movement at a time 
which was very close to the actual time 
movement was initiated.
The inability to generate actions in 
motor neglect is illustrated in a recent study. 
Garbarini et al. (2012a,b) contrasted the per-
formance of patients with motor neglect (and 
a lack of voluntary drive to initiate action 
but intact ability to execute motor acts) 
with patients with anosognosia (who show 
the reverse deficit, intact voluntary drive 
but impaired motor ability). While blind-
folded, the patients had to draw circles and 
lines, either performing unimanual drawing 
movements (the right hand drew unilateral 
lines) or bimanual movements (the right 
hand drew lines and simultaneously, the 
left hand drew circles). They showed that 
bimanual spatial coupling, as found in nor-
mal subjects is not present in patients with 
motor neglect, although such coupling was 
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preserved in the anosognosic hemiplegic 
patients. This is a particularly striking finding 
given that anosognosic patients are unable to 
move the contralesional limb, while that abil-
ity is intact in patients with motor neglect.
As yet (as far as we know) there have been 
no studies specifically addressing rehabilita-
tion for motor neglect. Exciting new tech-
niques such as repetitive TMS and tDCS 
(used either to enhance the activity in the 
lesioned hemisphere or at suppressing the 
over-activity observed in the unaffected 
hemisphere) have been used for visuospatial 
neglect in general but not for motor neglect 
in particular. Thus, while suppressing over-
activity in the contralesional hemisphere 
may facilitate ipsilesional performance, it is 
not clear how it may benefit contralesional 
action planning. Increasing the activity in 
lesioned hemisphere may not improve per-
formance – Desmurget et al. (2009) report no 
benefit of increasing stimulation of IPL on 
movement generation. Rehme and Grefkes 
(2013) have argued that the best predictor 
for good recovery from stroke in general 
(from the acute phase to the chronic phase) 
is an increase of the coupling between ipsile-
sional premotor areas (supplementary motor 
area, ventral premotor cortex, and ipsile-
sional M1). Such coupling may be critical 
in patients with motor neglect. Recent stud-
ies suggest that noradrenergic (NA) stimu-
lation may be the tool for the job. Grefkes 
et al. (2010) used a crossover design where 
healthy subjects were stimulated using the 
selective noradrenaline reuptake inhibitor 
reboxetine (RBX) or a placebo. The partici-
pants performed goal directed movements 
with a joy-stick. Drug-related changes in 
blood oxygen level – dependent activity and 
interregional connectivity were assessed 
using functional magnetic resonance imag-
ing (fMRI) and dynamic causal modeling 
(DCM). The results showed that movement 
speed increased as a result of RBX (with a 
corresponding increase in regional activa-
tion), and that there were also complex 
network effects affecting both neural pro-
cessing within and across the hemispheres. 
Within the right hemisphere, there this was 
enhanced activity in areas known to be 
involved in visuospatial attention and motor 
control (see Corbetta and Shulman, 2002). 
In addition, there was increased coupling of 
the right V1, IPS, and FEF/dPMC with left 
hemispheric areas, which was independent 
from task difficulty. Grefkes et al. suggest 
that the activation reflects enhanced engage-
ment of transformation processes facilitat-
ing the integration of visual information 
into planned motor programs. Subsequently, 
Wang et al. (2011) studied the effects of NA 
stimulation at behavioral and neural levels 
using fMRI in sub acute patients. DCM was 
applied to fMRI data from key motor areas 
to assess the effects of NA stimulation on 
interregional connectivity within the cortical 
motor system. The results showed a reduc-
tion of cortical “hyperactivity” toward physi-
ological levels observed in healthy control 
subjects, especially in the ipsilesional ventral 
PMC and SMA, but also in the TPJ and pre-
frontal cortex. Together these studies suggest 
that NA stimulation may help to modulate 
the pathologically altered motor network 
architecture in stroke patients, resulting in 
increased coupling of ipsilesional motor 
areas and improving motor function. Future 
studies may show NA stimulation to be of 
significance in patients with motor neglect 
showing impaired attention and visuomotor 
intention particularly in the acute phase of 
stroke when disconnectivity between motor 
areas is greatest (Rehme et al., 2011). As the 
time course of spontaneous neurological 
recovery of neglect as well as motor impair-
ment shows a natural logistic curve up to 
the first 12–14 weeks post-stroke, after which 
severity becomes invariant (Kwakkel et al., 
2004; Nijboer et al., 2012), NA stimulation 
may be most beneficial within this time-win-
dow in the facilitation of natural recovery.
RefeRences
Buxbaum, L., Ferraro, M. K., Veramonti, T., Farne, A., 
Whyte, J., Ladavas, E., et al. (2004). Hemineglect: 
subtypes, neuroanatomy and disability. Neurology 
62, 749–756.
Corbetta, M., and Shulman, G. L. (2002). Control of goal-
directed and stimulus-driven attention in the brain. 
Nat. Rev. Neurosci. 3, 201–215.
Desmurget, M., Reilly, K. T., Richard, N., Szathmari, 
A., Mottolese, C., and Sirigu, A. (2009). Movement 
intention after parietal cortex stimulation in humans. 
Science 324, 811–813.
Desmurget, M., and Sirigu, A. (2009). A parietal-pre-
motor network for movement intention and motor 
awareness. Trends Cogn. Sci. (Regul. Ed.) 13, 411–419.
Desmurget, M., and Sirigu, A. (2012). Conscious motor 
intention emerges in the inferior parietal lobe. Curr. 
Opin. Neurobiol. 22, 1004–1011.
Garbarini, F., Piedmonte, A., Dotta, M., Pia, L., and Berti, 
A. (2012a). Dissociations and similarities in motor 
attention and motor awareness: the case of anosog-
nosia for hemiplegia and motor neglect. J. Neurol. 
Neurosurg. Psychiatr. 84, 416–419.
Garbarini, F., Rabuffetti, M., Piedimonte, A., Pia, L., 
Ferrarin, M., Frassinetti, F., et al. (2012b). Moving the 
paralysed hand: bimanual coupling effect in patients 
with anosognosia for hemiplegia. Brain Cogn. 135, 
1486–1497.
Grefkes, C., Wang, L. E., Eickhoff, S. B., and Fink, G. R. 
(2010). Noradrenergic modulation of cortical net-
works engaged in visuomotor processing. Cereb. 
Cortex 20, 783–797.
Heilman, K. M., Bowers, D., Coslett, H. B., Whelan, H., 
and Warson, R. T. (1985). Directional hypokinesia: 
prolonged reaction times for leftward movements in 
patients with right hemisphere lesions and neglect. 
Neurology 35, 855–859.
Kerkhoff, G., and Schenk, T. (2012). Rehabilitation of 
neglect: an update. Neuropsychologia 50, 1072–1079.
Kwakkel, G., Kollen, B., and Lindeman, E. (2004). 
Understanding the pattern of functional recovery after 
stroke: facts and theories. Restor. Neurol. Neurosci. 22, 
281–299.
Laplane, D., and Degos, J. D. (1983). Motor neglect. J. 
Neurol. Neurosurg. Psychiatr. 46, 152–158.
Nijboer, T. C. W., Kollen, B. J., and Kwakkel, G. (2012). 
Time course of visuospatial neglect early after stroke: 
a longitudinal cohort study. Cortex. doi: 10.1016/j.
cortex.2012.11.006. [Epub ahead of print].
Punt, T. D., and Riddoch, M. J. (2006). Motor neglect: 
implications for movement and rehabilitation fol-
lowing stroke. Disabil. Rehabil. 28, 857–864.
Punt, T. D., Riddoch, M. J., and Humphreys, G. W. (2005). 
Bimanual coordination and perceptual grouping in a 
patient with motor neglect. Cogn. Neuropsychol. 22, 
795–815.
Rehme, A. K., Eickhoff, S. B., Wang, L. E., Fink, G. R., 
and Grefkes, C. (2011). Dynamic causal modeling of 
cortical activity from the acute to the chronic stage 
after stroke. Neuroimage 55, 1147–1158.
Rehme, A. K., and Grefkes, C. (2013). Cerebral network 
disorders after stroke: evidence from imaging-based 
connectivity analyses of active and resting brain states 
after stroke. J. Physiol. (Lond.) 591, 17–31.
Siekierka-Kleiser, E. M., Kleiser, R., Wohlschläger, A. M., 
Freund, H. J., and Seitz, R. J. (2006). Quantitative 
assessment of recovery from motor hemineglect in 
acute stroke patients. Cerebrovasc. Dis. 21, 307–314.
Sirigu, A., Daprati, E., Ciancia, S., Giraux, P., 
Nighoghossian, N., Posada, A., et al. (2004). Altered 
awareness of voluntary action after damage to the 
parietal cortex. Nat. Neurosci. 7, 80–84.
von Giesen, H.-J., Schlaug, G., Steinmetz, H., Benecke, R., 
Freund, H. J., and Seitz, R. J. (1994). Cerebral network 
underlying unilateral motor neglect: evidence from 
positron emission tomography. J. Neurol. Sci. 125, 
29–38.
Wang, L. E., Fink, G. R., Svenja, D., Rehme, A. K., Eickhoff, 
S. B., and Grefkes, C. (2011). Noradrenergic enhance-
ment improves motor network connectivity in stroke 
patients. Ann. Neurol. 69, 375–388.
Received: 13 February 2013; accepted: 14 March 2013; 
published online: 28 March 2013.
Citation: Sampanis DS and Riddoch J (2013) Motor neglect 
and future directions for research. Front. Hum. Neurosci. 
7:110. doi: 10.3389/fnhum.2013.00110
Copyright © 2013 Sampanis and Riddoch. This is an 
open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits 
use, distribution and reproduction in other forums, pro-
vided the original authors and source are credited and 
subject to any copyright notices concerning any third-
party graphics etc.
Sampanis and Riddoch Motor neglect–future directions
Frontiers in Human Neuroscience www.frontiersin.org March 2013 | Volume 7 | Article 110 | 2
